A 48-year-old man with bilateral adrenal incidentalomas was studied. Although the serum cortisol level was normal, autonomous cortisol secretion was shownby the loss of diurnal rhythm, no suppressibility by dexamethasone, and complete suppression of plasma adrenocorticotropin levels. Imaging analyses revealed bilateral adrenal masses, showing isotope uptake. He was diagnosed as preclinical Cushing's syndrome due to adrenocorticotropin-independent bilateral adrenocortical macronodular hyperplasia, confirmed histologically. Despite the undetectable plasma adrenocorticotropin level and renin activity, serum mineralocorticoids levels were not suppressed, which were decreased after subtotal adrenalectomy. It was suggested that hyperplastic adrenal glands could produce both gluco-and mineralocorticoids concomitantly. (Internal Medicine 36: 628-632, 1997) 
Introduction
In recent years, many adrenal tumors have been found incidentally by health screening or examinations performed for other aims. They are called incidental adrenal tumors or incidentalomas (1 , 2) . There are some cases showing subclinical secretion of some hormones, one of which is preclinical
Gushing's syndrome (3) . Preclinical Cushing's syndrome of adrenal origin is characterized by autonomous cortisol secretion from adrenal tumors without any symptomsor physical signs found in Cushing's syndrome. Adrenocorticotropic hormone (ACTH)-independent bilateral adrenocortical macronodular hyperplasia (AIMAH)is a rare cause of Cushing's syndrome (4) (5) (6) . Wereported a patient suffering from preclinical Cushing's syndrome due to AIMAHdetected as an incidentaloma. Healso showedan excess ofmineralocorticoids as well as cortisol, suggesting that hyperplastic adrenal glands secreted both gluco-and mineralocorticoids concomitantly.
For editorial comment, see p 601.
Case Report
A 48-year-old man was referred to our hospital for further examinations of bilateral adrenal tumors discovered by health screening. He had no symptoms and no family history of endocrine disorders. His height was 162 cm and weight was 54 kg. He did not show any clinical signs ofCushing's syndrome, such as buffalo hump, red striae of skin and central obesity. His blood pressure was 142/76 mmHgon admission and hypertensive changes were not observed in optic fundus. Routine laboratory examinations showed normal electrolyte levels and fasting plasma glucose level (Table 1 ) . Table 2 shows the basal hormone levels after an overnight fast and urinary contents of their metabolites. Serum levels of cortisol and aldosterone at supine position were normal, whereas plasma ACTHlevel, renin activity and renin concentration were undetectable. Other metabolites of mineralocorticoids, such as corticosterone and 1 1-deoxycorticosterone, were slightly increased. The serum testosterone level was low normal and the serum dehydroepiandrosterone-sulfate (DHEA-S)level was decreased. Plasma catecholamines levels were not elevated. In urinary excretion, 1 7-hydroxycorticosteroids, 1 7-ketosteroids Pre-Cushing' s due to Adrenal Hyperplasia (1.3-5.3) Normal ranges are in parentheses. *Mean + SD, n=4, and #n=8. DHEA-S:dehydroepiandrosterone-sulfate. and catecholamine metabolites were all normal, except for slightly elevated free cortisol. Pituitary and parathyroid hormones were not increased, free 3,5,3'-triiodthyronine (T3) was slightly decreased, and atrial natriuretic peptide concentration was elevated. Daily profile of plasma ACTHand serum cortisol concentrations are shownin Table 3 . Diurnal rhythm was lost and the plasma ACTHlevel was suppressed throughout the day. Diurnal rhythm re-examined on another day showedthe same result. To examinethe autonomoussecretion of cortisol from the adrenal glands, we performed a dexamethasone suppression test (Fig. 1) . Administration of 2 mg of dexamethasone at bed time could not suppress the serumcortisol level next morning, and 8 mg/day of dexamethasone could not suppress urinary excretion of 1 7-hydroxycorticosteroids. Serumconcentrations of cortisol and aldosterone were increased after intravenous administration of ACTH, but corticotropin releasing hormone had no effect on the plasma ACTHlevel (Table 4) . Serum cortisol was not increased after 75 g of oral glucose load or after the meal.
Abdominal computerized tomography revealed nodular masses on the right adrenal gland and a round mass on the left, which were weakly enhanced by the contrast medium (Fig. 2) . Abdominal magnetic resonance imaging also supported these findings. Adrenal scintigraphy showed the positive uptake of 13 1I adosterol to bilateral adrenal glands. The uptake ratio, right venous sampling of adrenal veins confirmed that cortisol and aldosterone were secreted from both adrenal glands (Fig. 3) . A subtotal adrenalectomy was performed. Bilateral adrenal glands wereoccupied by the yellow multinodular mass and normal adrenal tissue was indistinguishable (Fig. 4A) . The total left adrenal gland (40 g), and about two-thirds ( 10 g) of the right gland were removed. Histologically, both adrenal glands revealed hyperplasia of clear and granular cells. Nonnodular parts were few and atrophic (Fig. 4B) . Ultrastructurally, lipid deposits and round mitochondria with tubular cristae were seen, and smooth endoplasmic reticula were few. Eight days after subtotal adrenalectomy, serum cortisol, Pre-Cushing ' s due to Adrenal Hyperplasia aldosterone and plasma ACTHconcentrations at supine position were 1 1.7 jug/dl, <1.0 ng/dl, and 4 pg/ml, respectively. Five monthsafter subtotal adrenalectomy, at standing position as an outpatient, they were 10.4 \xg/dl, 5.0 ng/dl, and 14 pg/ml, respectively. Plasma renin activities both at supine and standing position were still undetectable throughout the clinical course.
Discussion
Although serum cortisol concentration and urinary excretion of 17-hydroxycorticosteroids were not increased in this patient, it is obvious that cortisol was secreted autonomously because of the loss of diurnal rhythm, complete suppression of plasma ACTHeven by corticotropin releasing hormone injection, and non-suppressibility of cortisol secretion against highdose dexamethasone. Bilateral adrenal masses were detected by imaging analyses and their functions of hormone production were demonstrated by adrenal scintigraphy and venous sampling. No pituitary tumors were detectable. These findings were compatible with AIMAH(5, 6), confirmed later by macro-and microscopic examinations of the removedadrenal masses. AIMAH is reported to be a distinct subtype of Cushing's syndrome, which is not a result of long-standing Cushing's disease with pituitary adenoma (5). It is speculated that unknownhumoral factors other than ACTH may stimulate the proliferation of adrenocortical cells (5, 7). One such factor is reported to be gastric inhibitory polypeptide in the patient with food-dependent Cushing ' s syndrome due to ACTH-independent nodular adrenal hyperplasia (8, 9) . In this patient, cortisol secretion was not enhanced by glucose or food. Lysine vasopressin is reported to be another direct stimulator of cortisol production in patients with AIMAH( 10). In this patient, lysine vasopressin loading test was not performed.
AIMAH has been reported to have a relatively weak capacity of cortisol-secretion (5), and to have "huge" or "giant" adrenal masses (5) (6) (7) (10) (11) (12) (13) (14) . Because the adrenal masses in this patient were relatively small, it was suggested that the serumcortisol level did not reach the levels to cause prominent manifestations of Cushing's syndrome. AIMAHat preclinical stage has never been reported, but will presumably be discovered more by careful examinations of adrenal incidentalomas. In the present patient, serum aldosterone level was normal, whereas plasma renin activity and concentration were undetectable. This condition resembled the relationship between normal cortisol and suppressed ACTHlevel. In this patient, plasma ACTHand renin activity were undetectable, serum potassium was normal, and body fluid volume seemed to be excessive, which was supported by high serum atrial natriuretic peptide level. Since there were no stimulation factors of aldosterone secretion in this patient, the serum aldosterone level should have been suppressed. Thus, the normal level *of serum aldosterone was relatively high, suggesting secretion from hyperplastic adrenal masses. In fact, the aldosterone content was high in the samples from bilateral adrenal veins. Intermediary metabolites of mineralocorticoids, corticosterone and 1 1-deoxycorticosterone were increased. Regarding the mineralocorticoid metabolism in patients with AIMAH, few data are available. In patients with Cushing's syndromedue to AIMAH, Hashimoto et al (12) and Makino et al (13) reported that both the plasma aldosterone concentration and renin activity were normal and the 1 1 -deoxycorticosterone level was high. Sakurai et al (15) reported a normal plasma aldosterone level and renin activity, and Malchoffet al ( 16) reported a low normal serum aldosterone concentration with captopril treatment. The combination of suppressed plasma renin activity and a normal or high serum mineralocorticoid concentration has not been reported. After subtotal adrenalectomy, in this patient, the serum cortisol level remained normal, plasma ACTHlevel became detectable in a low normal range, and plasma renin activity was still undetectable. On the other hand, the serum aldosterone concentration wasdecreased. Thesedata also supported that hyperplastic adrenal glands might produce aldosterone. It has been reported that concurrent production of glucoand mineralocorticoids is observed in some patients with adrenocortical adenoma clinically diagnosed as Cushing's syndrome or primary aldosteronism (17, 18). However, co-production of these hormonesin a patient with AIMAH has not been reported. In the present patient, serum DHEA-Slevel was decreased. It is reported that DHEA-Ssecretion is mainly regulated by ACTHand the serum DHEA-Slevel is low in patients with Cushing's syndromedue to adrenal adenomawith suppressed ACTH( 19). Decreased serum DHEA-Slevel in this patient was also attributable to the suppressed pituitary ACTHlevel. The slightly low serum T3 level observed in this patient was compatible with hypercortisolemia. Histologically, both adrenal glands showed hyperplasia of clear and granular cells, and ultrastructurally, there were large lipid deposits, round mitochondria with tubular cristae and few smooth endoplasmic reticula. These findings are not compatible with those in typical adrenal adenoma with Cushing's syndrome or primary aldosteronism but rather with those in AIMAH (5, 20) .
Usually total adrenalectomy is chosen for the therapy of Cushing's syndrome due to AIMAH (4-7, 10-13, 15) . In this case, subtotal adrenalectomy was performed with the patient's consent, because he was still in the preclinical Cushing's syndrome state and wanted to avoid the disadvantage of replacement therapy. Postoperatively he has been healthy and active without steroid replacement therapy. The growth of the residual adrenal gland and hormonal status should be carefully observed in the future.
